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5 Claires. (CL 170--160.53) 
This invention concerns rotors for rotary wing 
aircraft of the kind in which the pitch of the 
rotor blades is adjustable cyclically or otherwise 
during the rotation of the rotor. 
In rotors of the kind referred to it is desirable 5 
that the pitch adjustments be readily performed 
and accurately controlled. Two factors may ad- 
versely affect the ease and accuracy with which 
the pitch adjustments of the rotor-b!ades are 
performed. On the one hand, the centrifugal 1O 
force fo which each rotor blade is subjected dur- 
ing rotation of the rotor may attain a high value  
in which case if the force  be transmitted from 
the blade to the rotor hub through the bearings 
upon which the blade is turned to vary the pitc h, 15 
the loading on the bearings is such that the 
pitch adjustments of the blade cannot be per- 
formed in the manneï indicated. Accordingly 
it bas heretofore been proposed to relieve the 
bearings of the centrifugal force by c0nnecting 20 
each blade to the rotor hub by a rie rod or 
stranded cable which transmits the centrifugal 
force from the blade to the rotor hub. These, 
however, are disadvantageous in that with a rie 
rod the tensile strength and torsional rigidity 
are so inter-related that selection of appropriate 
values for each is hot possible, and in the case 
of a cable the tensile loading introduces 
desirable torsional stress or movement. On the 
other hand, the cyclic pitch-adjustments of the 30 
rotor-blades result in the creation of forces due 
to the mass moment of inertia of each blade 
about its pitch-change axis and such forces may 
be transmitted from the blade to the control by 
which the pilot adjusts the blade-pitch--this is 35-. 
clearly undesirable. 
The present invention has for its object to 
provide an improved construction of rie rod for 
rotors of the Mnd referred to. 
According to the present invention a tie-rod 40 
for a rotor of the kind set forth comprises a 
plurality of individual members each of which is 
attached at one end to the rotor hub and at the 
other end to the rotor blade. 
A tie-rod in accordance with the present in- 45 
vention permits either appropriate values to be 
selected for the tensile strength and torsional 
rigidity of the rod, or the selection of a torsional 
rigidity such that there is created (during cyclic 
pitch-change of the blades) forces which are 50 
adapted partly, or completely, to cotmteract the 
forces due to the mass moment of each blade 
about ifs pitch-change axis. 
Preferably each tie-rod member is wedge- 
shaped in cross-section and the members are 55 
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assembled with the tapering sides of adjacent 
tie-rod members in contact throughout the length 
of the tie-rod. 
The face of the tie-rod members which forms 
a part of the periphery of the tie-rod is consti- 
tuted af each end of the tie-rod member as part 
of a threaded element and the tie-rod members 
are relatively located on assembly fo form the 
tie-rod so that said threaded element is completed 
whereby all the tie-rod members are capable of 
being simultaneously threaded as a unit into a 
member of the rotor hub and a part of the rotor 
blade. 
If desired a rubber sheath or cover may be pro- 
vided which extends over the length of the tie- 
rod between the pair of threaded elements or 
clips maY encircle the rod. 
A practical application of the present inven- 
tion will now be described, by way of example, 
as applied to the rotor of a helicopter, the de- 
scription being ruade with refm'ence to the ac- 
companying drawings whereof, 
Figures la and lb together form a side eleva- 
tion partly in section, of a member by which the 
25 rotor blade is attached to the rotor hub of the 
' helicopter, 
Figures 2 and 3 are respectively views in the 
direction of arrows 2 and $ of ligure 1, 
Figure 4 is a side view showing the complete 
tie-rod in accordance with the present invention, 
Figure 5 is a side view of a part of the tie-rod 
shown in Figure 4 and to an enlarged scale, 
Figures 6 and 7 are respectively sections on 
the line -- and -- of Figure 5, and 
Figure 8 is a side elevational view of a helicop- 
ter showing the improved device applied thereto 
and with parts broken away and parts in section. 
Each blade of the helicopter rotor is supported 
in usual manner from the rotor hub (hOt shown) 
so as to be capable of rotation about a substan- 
tially vertical axis, that is in a generally hori- 
zontal plane. Each rotor blade is capable of 
vertical movements (usually referred fo as flap- 
Ping movements) and of movements about an 
axis generally parallel with the axis of rotation 
of the rotor as a Whole. The latter movements 
are normally referred fo as drag movements. 
In Figure la the flapping movements for the 
blade associatod with the roof attachment shown 
in this figure are performed about the axis a 
and the drag movements about the axis b. The 
blade is also capable of movement about axis. c 
so as to vary the pitch of the blade. This action 
may be performed at the discretion of the pilot. 
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so as simultaneously "fo vary the pitch of alI t'ne 
blades of the rotor or it may be automatically 
and cyclically performed during the rotation of 
the rotor in any known manaer. 
To permit the movements of the blade about 
axis c the motor hub is provided with a radially 
extending arm. generally indicated by the refer- 
ence numetal |8 (one for each blade), the irmer 
end of each blade (not shown) being secured to 
the part | | (Figure lb) of the arm |8. The arm 
|{} constitutes the root attachment by which the 
blade is secured to the rotor hub, the radial arm 
being pivotally carried by a member |2 so that 
it is capable of drag movements about tlia axis bl 
the member |2 being itself supported by the rotor 
hub so that it is capable of flapping movements 
about axis «. 
The irmer extremity of the radial arm |8 car- 
ries a ball bearing |3, the inner race |4 of which 
is secured to a tubular member |5 which is car- 
riei»b -thé mèmber. 12 :as described above. The 
outër"racê of th bll béaring |  supports a sleeve 
16 which is disposed concentric with the member 
|B A simflàr arrangement-is provided for.t'ne 
oUter ext-emityo thé radial arm- | , a ball-bear- 
ii- (Fiure-lb) bein camied by the tubular 
ïnber |5 'and serving fo support the sleeve 6 
thi'0ugt, th àgeney of the par |. I wfll be 
olarVêd.frbmFiui'e lb thatthepart || is.per- 
màrièntl. Cnnected with thë sleèe |5 and that 
tti-ltêr:is mour/tedon th.bearings |3, |] for 
r0tadn..abèutthé axis ,c Since the blade is 
carried or attached to the part | | it follows that 
pît-dj:dstrrien of. thè.blade will result in rota- 
tïbri of h sldeve |6 .ïn he .manner indicated. 
 A pi'evîousl-stàted, it is desirable in order 
that the pitch adjustment òf tiiè blade be readily 
arfl ' accuratel: contr0llèl that- the centrifugal 
ladS'tó,Whici;tli blade is subjected be not ttans- 
nïitèd:rom thë slèeve |5 'to tte tubular membér 
! ':tlirough tt/e-bearing | 3/ |  and accordingly 
a tie-rod 18 is attachèd af oneend to the part | | 
ahl 'aï the  othm" end to the tfibular member |5. 
Iïi lï wy'thé ceritrifùgal frce of the blade is 
entirèiy tfansmitted o the member |2 and hence 
to the rotor hub through the rod |. 
" I bas bèen fóund. when .the centrifugal, load 
of a rotor b!ddë  atairis a .certain value, that a 
çerod-of çsoli-c0nstruction  when possessed of 
tlïe required ensile strength bas too great a. tor- 
tibna]"rigiiit; it .is necessary, h0wever, that the 
tie-rod=bë/of constderable torional flexibility if 
tl4 pït'ch:-changes:of-tiie-blade are fo be per- 
formed satîactdrily. 
Thè presant invention provides that the tie- 
rod. |5  coinprises : a plurality of independent 
membes 19 .each -of which extends ïrom one .end 
to.the-other:of the tie-rod. In cross-section.the 
tie-rod/18 . is substantially circular as is shown 
in'Figures .6 and  and each..member |8 is wedge- 
shaped]. The tapering faces of adjacent members 
| Of. tl4e tïe .rod |8 are  in contact throughout 
thi léi4gth,  
THë ends of ech  menïber | are upset fo in- 
crëRgë the/ crss-seCtiónal dimensions thereof 
wl4ilt réàinirig.ïtS wedge shape. Figure 6 shoWs 
h rnembars | 8 'upS.et in the manner indicated 
iricònlpgrïson with the menibers |8 of Figure . 
If will beappreciated that by this upsetting op- 
eraoEon the 'diametèr Of he ti-rod- | 8 is increased 
afieách end (see Figures4and 5). The face of 
tt upSet  portion  of members | 8 which, forms 
a:part 0f.'tte periplery of he-tierod |8 is con- 
sid as.part o£a threaded ielementso that 
oil.àsëmbiy Of all tire members | to form a 
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tie-rod, each end of the latter is provided with 
a screw-threaded portion 
The extremity of each member |8 is formed 
with a segment of a circular flange having a 
5 curved periphery, the flange being completed 
when the members |8 are assembled. A cap 
is provided fo .engage the. flangé and-maintain 
ttie - members |9 in thèir assembled position. 
Furthermore at spaced points along the length 
of the tie-rod |8 there is provided a pair of clips 
2 to grip the members |9 and hold them 
gether. 
In assembling the. tie-rod I S in the rotor one 
end thereof is screwthreaded into a split bush 
22which is formed integral with the tubular 
member |5 whilst the other end of the rod is 
screwthreaded into a split bush 3 formed 
tegl with the par ||. The split bushes 22 
and 23 are each provided with a plurality of 
clamping screws 24 so that when the tie-rod 
|Sç.is screwed into psition as desczibed if may 
bè clamped within.-the-split bush thereby prë- 
venting rottiOn of the rod relatively to its 
attachments durig pitch changes of the blade. 
If wfll be apprecited that the member 
carries a. pin .which is capable of rotation about 
axis 'b .relatflïely to .the member, the pin con- 
stitutïng the  dag- pîn about which. drag move- 
ments of theblade are performed. Thè rie rod 
| passes, through the pin and engages the 
inbord siè .thëreof so that the inboard end of 
the. rod is: solëly suppOred, by. tle pin and is 
freé ïrom. thè: membez |_2. It witI also be noted 
fr0m-Pigure ta thaç the inboard end of the rod 
|S is slSacèd bya small amount from the bear- 
ing: assembly-ab0u which the blade flaps, i. e. 
the bearing: assembly having the axis a. Ac- 
crdingly, when-the blade is moved about the 
axes aand b the inboard end of the rod d0es 
not engggé with the member |2. mud complete 
ïreedm toperform saidmovements is permitted 
with .tie arangmentdescribed. Of course, it 
Wfll be apprCiated that, if the drug movements 
become excessive; the inboárd end of the rod may 
engage the member |2, but that this occurs only 
whèn: the rotor blades are-operating in an 
normal mnner. 
Preferably:stopsa2e assoCiated with the inner 
extemity of: thesleeve !  the stops co-operating. 
with correSpóndifig:stops  formed.on the tubular 
membei - |5/ The .arrangemen is that under 
normal opertting-conditions of the rotor the 
pair of stopS arenot'in, contactbut that in the 
eveni  of failure ol ovmtrain, of-the tie-rod |8 
5. thestops Of sleeve !  will e broùght, irito engage- 
ment with the stops of member- |5 and.as-a 
consequence the centrifugal forceof the blades 
wlll be-transmitted .direetly to. the rotor hub 
ttn'ough the sleeve |6: Such an arrangement of 
6{} stops is known-in connection with rotors for 
rotary wing aircraft, 
I claim.: 
1. A'helicopter rotor comprïsîng a rotarY diiyen 
power hub having a sc2ëw/tïréaded portion, a 
6 vriablepith rotOr bladé haVing a screw thread 
ed porti0n; a tïé:rod compfising a pluralit of 
indivjiduál mërnbm, .ttie endsoî each of Wiiich 
form part of cylindrical surfaces' which are com- 
pleted on assernblyof themembers to form'the 
70. tie-rod; Said cylindrical surfaces being provided 
with screw threads receiVed by'the screw threaded 
portions of-the hub and biade; wherebythe indi- 
vidual members are attached-as a uni to the 
hub- and blade. 
75ï " 2 A helcopter  rotor as  claimed in claim- ]  
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characterized by the fact that the rod members 
are wedge-shaped in cross-section and that the 
tapering sides of adjacent members are in contact 
throughout their length. 
3. A helicopter rotor as claimed in claire 2 
characterized by the fact that the ends of 
each tie-rod member are upset so that the end 
portions of the assembled tie-rod are of greater 
diameter than the intermediate portions of the 
rie rod members. 
4. A helicopter rotor as claimed in claim 3 
characterized by the fact that clips hold the 
tie-rod members together to provide a unit 
assembly. 
5. A helicopter rotor as claimed in claim 4 
characterized by the fact that each end of each 
tie-rod member is provided with a segment of 
a circular flange having a curved periphery, said 
flanges being completed when said segments are 
assembled, and that a cap is provided and en- 
gages the completed flange at each end of the 
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tie-rod to maintain the tie-rod members in their 
assembled position. 
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